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ABSTBACT 

The econoaie crisis of the Bid<»1970*s is a syaptoa of 
a tt&jor social transition caused by the shift of the aajor industrial 
societies to postindustrial societies. The postindustrial society is 
one in which the doainant labor activity is inforaation processing 
rather than industrial production. This shift has great significance 
for the resolution of social probleas of society, particularly in the 
econoaie sector. The inforaation based society is a acre efficient 
user of energy and resources; furtheraore the inforaation industry 
itself is not an intensive user of energy and resources. This shift 
also requires the re*exaaination of key areas of econoaie policy 
probleas such as productivity, natural resource constraints, 
inforaation, international interdependence, and social issues (such 
as the distribution of inforaation technology, privacy, property 
rights in inforaation, and the use of leisure tiae). Coaputer 
telecoaaunication technology will iapact a variety of applications 
areas of concern to governaents: education, funds transfer, trade, 
consuaer inforaation, public adainistration, teleconferencing, and 
health services. In turn the structural change will require 
consideration of questions in relationship to research and policy 
analysis, econoaie infrastructure, research and developaent, network 
Intereoaaunlcation, and right to access. (JY/SK) 
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Social Implications o£ Coniputer/Teloconinuiiioitions Systems 

(with the assist^ee of Marc ?orat) 
Stanford Utiivetsil^ 

Introduction 

In tho following t^rks t haw rejected the two most coirmon approaches 
to a discussion of the social implications of con^uter/telecoiiiminications 
systems as being too narrowly focitssed on the technology, I prefer a bvoader 
approadt that looks at the social problens our societies face and the 
institutional changes that might be appropriate for solving them, with 
conputer/teleccmmunications technology in a subordinate role as one of tlie 
tools available for social problem solving.. 

The first of the rejected :^roaches is technological f07.-ecasting. 
Technological forecasting uses a variety of techniques » including the Delphi 
technique pioneered at the Rand Corporation, to project the trends in the 
technology. Such projections usually have an implicit assumption that there 
Villi be no significant change in the institutional structures controlling 
the technology. Forecasters can then speculate on the social consequences 
of the technological trends using social consensus to validate their specu- 
lations. Such speculatiai often looks optimistically at the potential of the 
technology, because the experts engaged in the forecasting exercise have a 
vested interest in the continued development of the technology they have 
expertise in . Such an approach carries with it the risk of falsely assuming 
technological detexminism and thus jjnplicitly or explicitly arguing that no 
social policy actions should be taken (other than to promote the development 
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of th© teehnology its©lf) beeaus© the social results are iii©vi table* 

Hiis assunption o£ tedtiiologkal detormiiiismi although often used to 
defend ceaiservativ© institutionsj is c^sistent vdth the N!a«tist arguntoit 
that in the grand sweep of History (with a capital H) » the underlyijig 
teclmology (the nteans of production) largely detemines the institutional 
structure (the social organisation of production) and tliat these institu- 
tions in tarn shape the ideology of a society (the stj?)erstructure) , that is 
its laws, political theories, science, art, etc. But in the shorter time 
scales we are concerned witli t^en asking questions of social policy, what goes 
in the realm of ideas (for exaii|)le, in scientific research) may influence the 
underlying means of production. And to a perhaps greater extent, the social 
institutions detexmine which areas of science receive funding for continued 
investigaticn and i^iich technological possibilities are in fact implemented. 
Whatever we conclude about Historical Detexninism, as viewed over a period of 
centuries, policy makers must deal with many relevant questions of national and 
international policy in the scale of years and decades. Policy makers may be 
merely trying to maintain their power by keeping in step with historical 
inevitability or they may be actually influencing the coui'se of history. In 
either case, the focus should not be on the technology itself, but on the 
social policy options and the probable consequences of those policy choices. 

The second rejected approach is that of technology assessment, in vtfiich 
one measures (or speculates about) the beneficial or hazmful results of 
alteniate fozms of the technology. IMs is a valid approach for many pur- 
poses. But, as I have argued elsewhere (Parker, 1973), the short to medium 
rajige social effects are determined not by the technology itself, but by the 



social institutions that ean stimulate, Inhibit* apply or divert the 
techjiology. tit© saitie tedmology that could enrich soine people and institu- 
tions at the ejcpense o£ others could also be used to increase the wealth of 
all while narroidng the gap between rich and poor* Ute same tecluiology that 
could lead to centralized s>)Btetns of social control such as those caricatured 
in George Orwell's 1984 , coidd also be used to foster a participatory democracy 
in which political power is more widely distributed throughout the society. 
Which outcomes are achieved will depend on the institutional structure 
controlling the development of the technology, llierefore we should focus our 
attention on social problens and institutional analysis in order to keep the 
technology in ^ropriate perspective. 

In the third approach to social implications of infoxmation technology 
that I recomnend, awareness of t^e potential of the technology is still 
in^rtant. But policy analysis should instead begin with the social problems 
and social goals that need urgent attention, and purposively structure both 
the technology and institutions controlling the technology in order to 
accomplish long-range policy objectives, llie technology sets limits or 
constraints on what is possible, but the more interesting questions concem 
the alternatives within those limits that are selected or rejected by the rele- 
vant institutions. In many cases, the key to solution of social problems is 
not changes in technology per se, but in changes in institutional structure. 
We all know that established institutions, whether governmental or business, 
are often extremely resistant to change. Hiere are perhaps three occasions 
or kinds of events that are sufficiently destabilizing to institutions that 
there is a real opportunity for change. One is during a time of political 
crisis. The second is during a time of economic crisis. The third is during 



a time of technological diange, In the third instanco. institutions are foixsed 
to adapt to, or defend themselves against, forces of change inherent in new 
technology* The key poli<y questions at such times should concern how to 
deal with the opportunity to restructure institutims so that they can better 
serve present and future social needs* 

This focus on how institutions might be changed to better utilii© 
relevant technologies has a disadvantage that should be made clear at tlie 
outset. By pointing out favorable scenarios of what is possible with the 
technology, given changes in institutions, there is a tendency to be unrealistic- 
ly optimistic. Technology can be misused and institutions controlling techno- 
logies for their own ends may often exacerbate social problems rather than 
solve than. A conditional statement of favorable possible outcomes, depending 
on appropriate policy action, may be misinteipreted as a prediction of favor- 
able consequences that follow from the technology itself rather than 
correctly interpreted as a statement of possible futures, with perhaps low 
probability of inplementation by appropriate instituticms. Being by nature 
an optimist, I have chosen to focus on the positive potential of the 
technological opportunities, even through a realistic prediction would anti- 
cipate most of the opportunities being missed and less socially desirable 
consequences resulting. 

The social policy questions that I choose to focus on in this paper are 
econcmic ones. Although I am not an econanist by training, I have convinced 
myself that a significant source of the present world-wide economic problems 
lies outside the boundaries of conventional econaiiic theory iji an area I 
do know something about. Ihe relative lack of success of economic policies 
in dealing with the current world wide economic problems may make this an 
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opportune tiw© for an analysis by an outsider to be heard by policy 
makers* 

A Bold l-lypothesis 

Let me present a bold, only partially tested, hypothesis about the ajrrent 
state of the world econany. Hie economic crisis of the mid 1970s is a sjiiptom 
of a major social transition, not transitory economic dislocations. The imder- 
lying cause, I hypothesize, is the shift of the major industrial societies to 
post -industrial societies and the concurrent introduction of post-induitrial 
elements into the industrialization process in the lesser developed c(juntries. 
In OECD countries our economies, our economic theories and our social, institu- 
tions are largely geared to agricultural and industrial production and 
ccnsunption. Now vie are undergoing a major historical v^heaval. Ir>istead of 
being able to plan economic growth on the assunption of unlimited aixpply of 
energy and materials, we are now confronted with real limits to p><ysical 
growth, ^k> longer. can v» have utilijnited or unrestrained growth of population, 
of material consmption or of environmental pollution. Hiese new kinds of 
problems are now challenging the economic theories and institutions that were 
devised to stimulate and to cope with the growth of the indust7:ial wealth. 

We can now see more clearly than we could a few years a&) how to character- 
ize the post -industrial society, we are in the midst of a sometimes painfiil 
transition from an industrial society to an information society. We are moving 
into an era in which the dominant labor activity is information processing 
rather than industrial production. Hie growth of con|)uter, conimmications 
and other infozmation technology in the past 25 years has been i^tly dubbed 
"a second industrial revolution." 
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In the industrial age, tmt was able to use his infoimation processijig 
power to design machines that greatly augmented his physical capacity. Those 
machines could use large amounts of energy to shape and transport physical 
goods under man's control and direction.. In other words, man provided the 
necessary iiifotmation to build and to control the machiiies that substituted 
for and vastly augmented human physical energy . In the ijifomation age that 
we are enterJjig, the cliaracteristic machine is one that processes information, 
augmenting not human physical energy but instead augmenting human information 
processing. TTie difference is a significant one. Since energy is used to 
manipulate symbols rather than physical objects, the consun5)tion of energy 
and materials can be made arbitrarily small by using smaller and smaller 
physical representations of symbols in our information machines. This means 
that in an information age unlimited economic growth is theoretically 
possible even though we rench a steady zero-growth state with respect to energy 
and materials. 

Hier^ are two aspects to this potentially unlimited growth. One is that 
some pi-esent consun?)tion and much new consun?)tion could be diverted into 
information-intensive rather than energy- intensive goods ard services, llie 
other is that continued application of information (for example, research and 
development) could lead to more efficient use of available energy and materials, 
permitting real growth of output given stable inputs. Buckminster Puller, 
in his book Operating Manual for Spaceship R^ri-h, (Fuller, 1969) perhaps has 
the latter point in mind when arguing that the potential for economic growth 
is unlimited because economic growth is dependent on lijnited physical resources 
coiqjled with unlimited metaphysical resources. 

nie kinds of economic policies and economic theories ^propriate to 
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the industrial age are not the most appropriate theories or effective policies 
for an information age. Infomation is not a coimiodity like other industrial 
coitinodities. I will att^t to. show that policies that were appropriate 
when information activities were a small part of the total econoir»y become 
in^propriate and even counter-productive when infonnation activities constitute 
the largest sector of national economies. This is because information is diffi- 
cult to convert into an appropriable coimodity \4iose title can be easily 
transferred from one economic agent to another. Even if we already had the 
better theories and policies needed for an information age, we are in the 
meantime faced with the even more difficult problem of successfully steering 
our societies and our economies through the difficult transition period. I'll 
retuni to these polic)' issues after presenting some descriptive data consistent 
with my hypothesis about the basic structural change underlying current 
economic difficulties. 

nie Infonnation Society 

A society can reasonably be characterized by what most of its people do 
and an econoony can be characterized by the major economic activities contri- 
buting to the National Incoine. For exan?)le, the United States of 1860 was still 
predominantly an agricultural society because more workers within the U. S. 
labor force were engaged in agriculture than were engaged in either industrial 
or service occi5)ations. Agriculture contributed a significant portion of the 
national income. By the middle of the 20th century, the United States was 
predominantly an industrial society, properly so-called because a higher per- 
centage of the labor force was engaged in manufacturing than in other occupations. 
Now, since about 19S0, the structure of the U. S. economy has been changing. 
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By the conventional classification scheme of priinaty (agriculture and extractive 
activities) » secondary (manufacturing) , and tertiary (service activities) , 
the relative decline of both prijiiary and secondary activities is reflected in 
the relative increasein tertiary or service activities. Hiat traditional 
classification scheme now conceals more than it exposes. A century ago service 
occi^ations included a large number of personal servants, shoe -shine boys, and 
others providing physical services. Now, maids, butlers and shoe-shine boys 
are rare, and most service occupations are less often physical services and are 
now primarily infonnation services (lawyers, accountants and con?)uter program- 
mers, for example). Even within the primary and seccndary sectors of the economy, 
many of the occiq)ations are concerned with information processing rather than 
processing of energy and materials. In U. S. agri-business, a growing 
proportion of the total labor force is in managerial, clerical, or financial 
oco^ations. In manufacturing, the nunber of blue-collar workers on the 
production line is declining relative to the white-collar infonnation 
processing jobs. 

My colleague Marc Porat (1974) has analyzed data on the United States labor 
force made available by the U. S. Bureau of Labor Statistics. We cliose to 
look at U. S. data partly on the basis of convenience, but also because the 
U. S. is farther advanced into the post -industrial infoimation age, and there- 
fore, U. S. experience may be viewed as an indicator of things to come in 
other industrialized societies. 

Figure 1 shows the percentages of the U. S. labor engaged in agricultural, 
industrial, and service occupations from 1860 to 1980, based on Bureau of 
Labor Statistics data through 1970 and BLS occi^ational projections for 1980. 
By this rather conventional classification scheme, agriculture has continued to 



decline relative to other sectors of the eeonono', despite real gains in 
agricultural output* Industrial activities reaclu^d their relative peak about 
19S0 and have been declining since* Ser^dce occupations are growing rapidly 
and en^loying an ever greater percentage o£ the labor force . 

Figure 2 is based on a slightly different classification sclieme in which 
all occ^)ations where tl\e primary activity is processing information have been 
separately classified into a fourtli or 'information sector' of the economy. 
The other tliree categories are net of information proce&'-sing occupations. 
(Appendix A lists the occiq)ations that have been classified into eadi of these 
four categories. In the case of information occiQ)atiQns, a further classifica- 
tion is provided to indicate how they were distributed into the three original 
categories,) 

The resulting four-fold classification shows that service occupations 
(net of information services) are now a smaller percentage of the labor force 
than they were in 1900, The basic structural change that has taken place in 
the economy since 1950 is the gra^h of information occupations relative to 
industrial occi^ations. 

Figure 3 highlights the basic change .Ji the structure of the economy by 
contrasting infoxmtion occi^ations with all other occupations. Starting from 
a small base in 1950, at a level that had been virtually unchanged since the 
beginning of the century, infoxmation occi4}ations grew such that by 1975 we 
have reached the cross -over point at which 50 per cent of the U. S. labor 
force is engaged in infoimation processing occupations. How long that growth 
will continue before stabilizing is a major uncertainty. At its peak, industrial 
occupations accounted for approximately 65 per cent of the labor force. 
Perhaps information occupations may reach a sijnilar peak at the height of the 
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information age. 

There is a certain amount of arbitrariness in the classification of occupa- 
tions into infoiraation processing versus other activities. By using a more 
liberal or more conservative definition of vfliat is an infonnation-related 
ocofljation, somewhat different results would be obtained. Figure 4 highlights 
the effects of such definitional differences by showing both an u^per and 
a lower bound on the percentage of the labor force engaged in infoxmation occu- 
pations between 1960 and 1980. By the more liberal definitions, infoimation 
occupations accounted for more than half the labor forcfe in 1970. By the more 
conservative definitions ^ that SO per cent won't be reached until 1980. 
(^Jpendix A indicates which occi5)ations are shifted by these definitional 
variations.) Either way, the general trend is clear. 

There are other ways to charact§ri2e a society than by the distribution 
of occtqjations in the labor force. Orte way is to look at the annual Gross 
National Product or the annual National Iiiccme and see \tha.t percentage 
(in units of dollars or other national currency! can be attributed to the 
agricultural, industrial, services or information sector of the economy. 
Fritz Machltp, in his book. The Production and Distribution of Knowledge in 
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the United States (Machli?), 1962), examined U. S. national income accounts for 
the year 1958 and concluded that, by 1958, 30 per cent of the U. S. economy 
was devoted to the production and distribution of information. He also 
projected a rate of growth in the information sector much faster than other 
sectors of the econony, consistent with the trends in information occtqiations 
described above. 

The U. S. society has also been characterized as becoming a 'leisure 
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society in which shorter working weeks and. longer holidays lead to an increased 
focus on leisure and consur»9)tion activities relative to work activities. 
A closer look at the distribution of personal consun?)tion expenditures can 
provide another indication of the kind of society the U. S. is becoming. In 
the period from 1950 to 1971, the personal consuinption expenditures declined 
slightly (by 5.7 per cent) relative to the Gross National Product. In that 
same 21-year period the amount of personal consumption allocated to information 
goods and services increased by 39 per cent.* Infoimation goods and services 
were defined as: telephone, telegraph, private education, books, magazines, 
radio, TV, motion pictures, theatre and personal business such as legal, 
financial and counseling services. 

Whether we look at trends in the distribution of the labor force, trends in 
the conpaients of the National Income, or the trends in personal consun?)tion, 
the same answer is obtained: The U. S. society is in the midst of a transition 
from an industrial society to an infotmation society. 

We can speculate about why the past 25 years have been characterized by 
this explosive growth in infoimation activities. Hie primary reason may be 
the underlying technoloay of coi^juters, transistors, integrated circuits, etc. 
ne great reduction iji the unit costs of infoimation products and services 
a result of these technological changes has led to a greater demand for infbr- 
mation products and services both as final products (consumption items) and as 
inteimediate products useful in the production of other goods and services , 
(e.g. computer services vdthin other businesses). The lower unit costs for 
information processing have made possible new kinds of activities not previously 
*See U. S. Bureau of Economic Analysis, "The National Income and Product 
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possible or economically viable. Hence the lowering of unit costs has led to 
increases in expenditure on infoxmatlon. 

A second reason may be the satiation or levelling off of some physical needs 
vfith a consequent shift in new demand to concern with style ^ atmosphere or other 
intangible (i.e., information -related) attributes of consunption, or a direct 
shift in demand to infoimation products and services. 

A third reason may be increased recognition of the value of infoimation 
for production. An extensively educated (i.e., infoimation-rich) labor force may 
lead to more efficient production. Extensive social investment in research and 
development activities (i.e., the production of new infoimation) may also lead to 
more efficient production. 

A fourth reason may be increased use of information because of market inef- 
ficiencies. For exanple, expenditures on advertising may contribute little value 

r 

to the advertised products. Production might be more efficient in some industries 
and profits correspondingly higher if all the cowpetitors in the industry reduced 
their advertising budget. But if one con?)etitor advertises, he may gain relative 
to the co!i5)etiticn. The result may be that all surviving competitors must mdin- 
tain sizeable advertising eaqjenditures, even though the expenditure is inefficient 
from the perspective of the industry as a whole. Some expenditure for education 
may be of this sort. For exaaiple, if employers screen job a5)plicants according to 
educational level, even though the education is not required to do the job, then 
job applicants may be forced to invest in excess education in order to con?)ete 
for the job (Spence, 1972), 

Economics of Infoimation 

At this point in the argtment a critic or a skeptic may concede that 
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the U. S. is beccMing a soc ' tliat reasonably can be labelled or defined as 
an infonnation society. But he might well question the as yet untested 
hypotfiesis that the structural shift to an information society underlies the 
current economic problems. 'Hhe critic may say, "So v^t? Can't information 
be dealt with in the economic system as a commodity like other conmodities?" 
I argue that the answer is clearly, "No," But to understand why, a better 
definition of infonnation is needed. 

We need to distinguish between information on the cHie hand and energy 
or materials (matteir-energy) on the other. Infonnation is the pattern or shape 
or order that is in^jv^sed on or detected in matter-energy, Infonnation and 
matter-energy come as a joint product, evep, though we analytically distinguish 
between the two. When wts» observe the pattern or shape of matter or detect 
variations in the flow of energy, we are receiv^lg infonnation. Even when 
the 'conmodity' we value is pjre information, there always must be some rainimm 
amount of matter or energy flow on which the pattern is carried. For example, 
a microfilm copy of a newspaper uses less matter than \±e print on paper version, 
even though the relevant infonnation content is the same. The energy consumed 
by a pocket electronic calculator may be less than the energy consimed by a 
large electro -mechanical calculator doing the same calculation, even though 
the same answer is obtained. 

The recent rapid growth of what we have been calling the infonnation sector 
of the economy is primarily in infonnation goods and services that can be 
dealt with like other economic goods and services. Books, records, radios, 
and computers can be bought and sold like shoes, apples and washing machines. 
The personal services of a lawyer or psychiatrist can be purchased like the 
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personal services o£ a barber or cook. Because infomation. is a joint product 
with some amount of matter -energy, it is possible in many cases to buy and sell 
the matter-energy (the marker) on which the infomation is carried. 

Infoimation as such is not a cOTinodity that can be readily bought and 
sold. We don't have satisfactory units for measuring quantities of infoimation, 
or for establishing a price per unit. Physical comnodities have the pn)perty 
that v^en one person gives or sells them to another, the original owner gives 
up possession. This is not true for infoimation, because the seller or giver 
of infoimation retains the infoimation after he has transmitted it to someone 
else. Scmetijnes the value of the infoimation to the original possessor is 
increased after it is widely disseminated. Scientific or artistic works often 
have this property. 

Because infoimation isn't a commodity like other conroodities, and thus 
doesn't fit within our economic theories, we have created legislation that 
atten?)ts by legal fiat to create property rights in infoimation. Four areas 
of Irw are involved: patents, copyright, trade secrets, and privacy. In the 
case of patent and copyright laws, an atten?)t has been made to facilitate 
widespread distribution of information while still retaining the property 
rights of the owner v*io benefits from receiving license or royalty fees 
from other users. In the case of trade secrets and privacy laws, an sLtt&apt has 
been made to restrict distribution of infoimation which is more valuable to 
the owner if not disseminated. But ownership of information based on the 
analogy of ownership of physical goods remains a forced analogy. It is not 
surprising that there are continuing problems with these four areas of law 
attenqjting in different ways to make a conmodity out of sanething that is not a 
conmodity, especially at a time when information technology is rapidly 
changing. 
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According to neoclassicjal economic theory and conventional wisdom in 
economic policy, the production and distribution of physical commodities can 
best be handled within a con?)etitive economic system. When all the assumptions 
of the economic theory are met, then unrestricted competition should lead to 
optimal total ijivestment (even if the distribution of benefits from that 
investment offends our social consciences) . But one of the key assunptions of 
the economic theory leading to that conclusion is the assumption of standardized 
products about which consumers have perfect information. This leads to 
iji?)ossible contradictions in the case of infoimation treated as a commodity. If 
the buyer has perfect infoimation about the infoiroation he is considering buy- 
ing, he has no need to buy it. In addition, the seller can't relinquish 
possession of the infoimation because he still has it after the transaction. 
Consequently, cooperative rather than competitive strategies are more appro- 
priate to infoimation. The total gains to the society are likely to be greater 
under cooperation than under competition. IMfortunately, we don't have com- 
pletely satisfactory mechanisms for such cooperation. In a con?)etitive society, 
some possible forms of cooperation may come under attack as anti -competitive 
practices subject to legal action under anti -trust legislation. 

The distribution of infoimation has a declining marginal cost, that is 
tiie cost of providing the information to the n'th user once the infoimation 
has been produced and distributed to the previous users is small relative to 
the earlier costs. What is the cost of providing a library book on loan to 
the 25th user, when its purchase was already paid for? What is the cost of 
adding one more member to a radio or television audience that already may number 
in the millions? These declining marginal cost problems make it very diffi- 
cult to create appropriate incentives for the original production of infoimation. 
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Some conclude from these considerations that info?JTnation is a public good 
like other public goods such as roads and police services. Some information 
goods and services, for example most schools, libraries and scientific research, 
are already treated as public goods which require goverraiental support. 
Calling it a public good doesn't solve the policy questions, however. That 
just aff inns that many o£ the relevant investment and allocation decisions have 
to be made collectively, presumably through governmental decision processes. 
Calling infoimation a public good doesn't solve the vexing social policy questions 
of how much to invest in what kinds of infoimation production and distribution. 
Since there are no economic units in idiich to measure quantities of infoiroation, 
the question of how much infoimation can be bought for a given amount of money 
is a meaningless question. And since infoimation is not a standard consrodity, 
the question of what kind of infoimation is a crucial value question. In the 
case of production of information (e.g. research), as distinguished from 
distribution of infoimation (e.g. education), there's the further difficulty 
that we can't know in advance what infoimation will be produced. 

There is now an exciting and growing sub-area of economic theory concerned 
with the eccncmics of infoimation, stimdated by Kenneth Arrow and others 
(Arrow, 1974;Spence, 1974, Hirschleifer, 1973). So far, these economists of 
information have been able to show that an absence of collective decision-making 
with respect to infoimation leads to non-optimal economic results. But 
they haven't yet provided clear policy guidance concerning vfliat an effective 
infoimation policy should be. 

« 
I 

As the infoimation sector of the economies of developed societies con- 
tinues to grow, these problems will become more and more difficult. As the 
cost of the matter-energy ccripanent of infoimation (the markers on which 
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information is stored and transmitted) continues to decline relative to the 
cost (primarily intellectual labor) of providing the information itself, the 
competitive market place will become less and less effective as an efficient 
allocator of investment resources. 

Now we can return to my hypothesis that the structural shift from an 
industrial society to an information society underlies many of the current 
econanic problems. One part of the problem is the physical resource 
constraints limiting or restricting economic growth in conventional ways. 
The other is the absence of automatic mechanisms for providing efficient 
investment in the growing infonnation sector of the economy. The twin problems 
of stagnation in the traditional sectors and Liefficient investment in the 
growing sector will require major policy analysis in the next several years. 
As we saw in the U. S. data presented earlier, the U. S. is already far advanced 
in the transition. Given the present international interdependencies , the 
resulting U. S. problems are affecting other economies also. And other economies 
following the same path as the U. S. may be beginning to suffer from similar 
problems in their own right, depending on how far into the transition stage 
they have advanced. 

National Economic Policy Questions 

It may prove fruitfia to re-examine key areas of economic policy problems 
in the light of this hypothesis caiceming structural change in the econoniy. 
Although the questions are inter-related, I have singled out for discussion 
the following four topics: productivity, natural resource constraints, inflation, 
and international interdependence. Even if my major hypothesis is later 
shown to be at least partly false, much of the analysis of the specific problems 
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may stiXl be relevant. 
A. Productivity 

At a time of economic recession, with or without inflation, a key question 
has to be how to stimulate economic growth. In the Ifeited States the fastest 
recent ecmcmic growth seemed to coincide with the peak of the industrial 
age. As we began the shift into the infoimation age the ccii?)anies that 
grew the most rapidly were those with infoxmation processing products, for 
exan^jle IBM and Xerox. Economic productivity gains were achieved in the 
industrial sector of the society, including those making infoimation machines. 
But as the percentage of the economy devoted to manufacturing declined, the 
rate of ecanomic growth has slowed. Most observers agree that the primary source 
of productivity gains is infoimation - infoimation in the fom of education for 
a more highly skilled labor force, and infoimation in the fbim of research ^d 
develoEment leading to more efficient products and production techniques. 
When the information sector of the economy was small relative to the industrial 
sector, increased expenditure on information apparently paid off. Now that the 
infoimation sector of the economy is larger tlian the industrial sector, that 
strategy may be reaching a point of diminishing returns. One U. S. 
observer (Pake, 1971) points to declining productivity in U. S. universities, 
citing costs per unit of instruction increasing by a factor of four in 
the decade of the 1960s. Although this is extreme rather than typical of costs 
of infoimation services, it is still easy to see that declining productivity 
in the infoimation sector could offset any productivity gains in industry 
at a time vtfien the information sector is larger than the industrial sector. 
Despite the introduction of information machines, the infoimation sector of 

« 

the econony (including education and most of goveinment) is stTongl)r labor - 
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intensive. If iiifomation sector wages are set at levels consistent with pro- 
ductivity gains in iiidustry without corresponding productivity gains in the 
infoimtion sector, then the advantages o£ productivity gains in the smaller 
industrial sector may be nullified. 

At a time when the information sector of the economy is the largest and 
fastest growing sector, and when infoimation technology is a cost -declining 
technology providing opportunities for productivity gains, it may be counter- 
productive for governments to pump more and more money into labor-intensive 
infonnation activities with declining productivity. More of the same, even 
though it apparently worked to achieve productivity gains in the period when 
the infonnation sector was smaller, may now lead to the opposite of the intended 
effect. Now, instead of looking for productivity gains in the agricultural 
and industrial sectors by punping more money directly into the infonnation sector 
governments could instead inclement policies that would stijnulate productivity 
gains in the information sector itself. 

Since the information sector of western industrial societies is largely 
dominated by government (including most of education) , government policies 
will be required to obtain productivity gains in this sector. TTie traditional 
incentives for the private sector to introduce new practices leading to 
productivity gains are absent. In any case the lack of easy appropriability 
of infonnation and consequent under-incentive for the private sector to produce 
it was vhat led many governments to their present large involvement in 
the infonnation sector of the economy in the first place. Consequently, 
reliance on traditional private sector incentives to produce productivity 
gains is likely to be futile. 



24 



S» Natural Resource Constyaints 

The end of the industrial age doesn't mean tli© end of industry, but it 
does mean the end of rapid growth in the consumption of energy and 
materials. Continued growth of the value of industrial output will require 
greater "ficiencies so that more or better output can be obtained from 
available resources. To achieve greater efficiencies in production, infor- 
mation will need to be applied information in the form of research 
and development and in the form of education. The efficiency problem 
now needs to be posed differently than in the past. Instead of replacing 
human labor with ever greater application of physical energy, 
a new approach is called for. Physical energy and materials may be 
limit5.;ig factors. Increasing the output per worker under resource constraints 
requires a continuing search for better techniques. We need to have our 
ijidus trial production work smarter rather than just work harder. 

But industrial production shouldn't be the primary focus of attention 
in a post -industrial age. The more promising approach to economic 
growth (or grow^ in quality of life) is to reinforce the social trend 
away from conspicuous consui?)tion. We should be able to maintain present 
CQnsuii9>tion levels, but effect a shift in consumer perference away from 
resource- intensive goods. Ihe trend in U. S. preference toward 
smaller, more economical cars concurrent with greater consumer expenditures on 
infoimation goods and services is an indication of this kind of shift. Can 
we shift consuner preference such that the average citizen will receive as 



much perceived '.utility, and hence social welfare, from a year of 
college education as from a new automobile? Or as much satisfaction 
from reading or writing a book as from acquiring material possessions? 
Can we leam to acquire status from the acquisition of education, 
mental health and the ability to process complex information instead 
of ever increasing quantities of physical consumption? Can the 
•Protestant Ethic' of the industrial age be shifted in the infoimtion 
age such that ideas and not things become the object of much of our labor? 
Can we evolve beyond the basic biological drive for physical and material 
security and develop a desire for self-actualization? 

Many of these trends are h^ening anyway, but goveniment policies 
could ease the transition. For example, conmercial advertising in- 
tended to stimulate consumption of energy and materials could be 
taxed more heavily than advertising intended to shift consun?>tion to 
products and services requiring less energy and materials. And govern- 
ment policies could shift the focus of search for productivity gains from 
the resource consuming industrial section to the information sector 
v^iere fewer energy and materials constraints should apply. 
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C. Inflation/Stagflation 

The problem of inflation, or worse 'stagflation' combining 
uiflation and ecc.nomic stagnation at the same time, is a topic of such 
current concern and debate among economists and policy makers that it is 
perhaps foolhardy for a non-economist to make some necessarily oversiji?)lified 
conments. But the topic is so iji?)ortant, that I must take the risk. Con- 
ventional remedies for inflation tend to have recessionary impact. Similarly, 
remedies for recession can fuel inflation. This is true whether the remedies 
are those of monetary policy or through fiscal policies of taxation and goveininent 
expenditure. These remedi^ are designed prijnarily to act on the economy as 
a whole, rather than to redress structural ijtibalances within the econony. 
Policies designed to solve problems of stagflation need to be more selective 
in order to solve structural problems in the economy. It may be necessaiy 
to slow down those sectors of the economy that are heavily dependent on energy 
and materials (especially imported oil) , vdiile stimulating productivity gains 
and economic growth in sectors with less long-run inflationary mp&ct and 
fewer balance of payments problems. 

Shifting more money into the infoiroation sector of the economy to increase 
the amount of information services available at present levels of productivity 
may seem an attractive alternative, but this is not likely to reduce inflation 
in the long run. Salary increases in the presently labor-intensive infoma- 
tion sector are likely to have an inflationary iii?)act. To reduce the 
long-run inflationary impact of the information sector of the econonv" it will 
be necessary to make capital investments in information technologies that can 
stimulate the availability of more services at lower unit costs (i.e., pro- 
ductivity gains) . Economists will quite rightly point out that such capital 
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investment may in the short run exacerbate inflationary tendencies. 
Nevertheless, such capital investment may be an essential part of the long-run 
solution to the problem of inflation and could be justified as part of a 
fiscal policy aijned at the twin problem of recession. Alternately, a tech- 
nique like inflation indexing as used by the Brazilians might alleviate 
some of the bad effects of inflation while policies are ijT5)lemented to remove 
the underlying structural problems. 

Oie way in which infoimation technologies might help to reduce inflation 
is to use int'oimation technology to provide econaiiical infoimation services 
that reduce market failures or inefficiencies and reduce transaction costs in 
other parts of the economy. According to economic theorists, econonies work 
best v^en all consumers have perfect infoimation about the products available 
and the prices offered by different producers and v^en producers have perfect 
infoimation about the preferences of consumers and the prices they are willing 
to pay. In sijnple economies with a small number of relatively standard products 
the incidence of market failures through inadequate infoimation may have 
been smaller. Now, in our increasingly conplex societies with a bewildering 
array of choices, we often pay more than we need to for goods and services 
because we don't have sufficient infoimation. Many of us may contribute to 
inflation by our ovni purchasing behavior because we have inadequate consumer 
infoimation and cannot afford to take the time necessary to acquire better 
infoimation. Government could stimulate better consuner information and encourage 
the establishnent of marketplace or brokerage functions in areas where market 
failures are detected. Markets for information itself are especially trouble- 
some because of the problems in the econcmics of infoimation discussed above. 
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D. I nternational Interdependence 

As the amount of information flowing across national boundaries continues 
to increase, the same considerations that apply to national policies will 
increasingly apply to international policies. As our infonnation inter- 
connections increase we need to increasingly turn away from coii?>etitive 
strategies and toward cooperative strategies. Cooperation is essential to 
infonnation flow; without cooperation we don't develop the coninon symbols 
with shared meanings that are essential for communication. A shift away 
frcm international coii5)etition to international cooperation doesn't imply 
that there should be no specialization and con?)etition in the production of 
goods and services. It does isaply that we need to avoid the disastrous inter- 
national consequences of unrestrained international cai?>etition that leads 
to ail nations losing. For many goods and services coni)etition within and 
between nations will continue to be economically sound. But as the informa- 
tion sector of national economies and intemationaj exchange increases, 
the requirements for cooperation will increase. Con3>etition will have to take 
place within the boundaries of cooperative agreements. Within the 
economies of both Japan and Sweden, at least as they appear to the casual 
outside observer, it appears that successfial strategies have been found to encourage 
economically beneficial competition with a larger cooperative framework that 
ensures that the con?)etition leads to greater success for all and not just 
redistribution of resources. Analogous approaches may be required on an inter- 
national scale. As we learn to live with global resource constraints we will 
need to devise strategies leading to ijiproved quality of life for all, 
rather than self defeating fights to grab a disproportional share of 
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scarce resources. 

Given the major resource intordependencies, currently typified by global 
dependence on oil exporting countries, there isn't much of an alternative to 
cooperative strategies. Policies that lead to a widening of the econonic gap 
between developed and less developed societies are likely to lead to dangerous 
instabilities. The old attitudes of an industrial age may force such insta- 
bilities if they are not modified to meet the new circunstances. If people 
think of their own self-interest in terms of material wealth in which 
resources one nation is using are not available to others, then exploitation or 
unstable con5>etition may result. As the global econony shifts more to an 
information economy, then the knowledge of each society could be shared for 
mutual benefit, without loss to the sharing societies. As John Diebold (1973) 
argues in Foreign Affairs, the best opportunity for continued economic growth 
of information rich societies like the United States, western Europe and 
Japan is to sell that information to the developing countries in exchange for 
natural resources. The 'know-how' that is sold to the developing countries- 
should enable them at least partially to close the industrial gap between the 
present rich and poor countries creating a more equitable and hence more 
stable distribution of physical wealth. Ihe result of such an exchange would 
permit continued in?)rovement in the quality of life in the presently indus- 
trialized societies at a faster rate than would otherwise be possible. IMs 
non-obvious conclusion follows ftom the nature of information --the more of 
it you share the more you have left at the end of the transaction. This is 
because information exchanges lead to in^rovements in the quality of 
information rather than loss of information. The information game can be 
played on a global scale as an everybody wins game rather than the kind of 
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winnners and losers game that is played with material resources. 
Social Issues 

These economic trends and opportunities will have consequences and sid? 
effects that will be perceived as social or political, 

A, Information is Power 

There seems to be a certain validity in the claim that 'infomation 
is power.' Hie difference between George Orwell's 1984 and a hypothetical 
participatory democracy with widespread sharing of political power lies in the 
question of vAo controls the sending and receiving of information in the society, 
Infonnatian policies that cater to an infoiraation elite and serve to widen the 
gap between the information-rich and the infomation-poor may have short run 
advantages tc elites already in power. But they would have the effect of limit- 
ing economic growth and the effect of risking political i^heaval by exacerbating 
inequities of political power. 

Some proposals put forward in the name of distributing political power, 
especially electronic referenda proposals, may have the opposite of the daimpd 
effect and lead to increased opportunities for demagoguery and manipulation 
(Parker, 1972) . The real opportunity for wider participation lies in the issue of 
access . 

Lowered technical costs associated with the manipulation, storage, trans- 
mission and reception of infoimation will make it econanically possible for- near 
universal access to the infoimation resources of the society, Comnunication 
costs via satellites and some con^mter networks are independent of distance'. 
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thus potentially reducing disparities between the geographic power centers 
and their peripheries. Computer jnfoimation retrieval systems can make 
it possible for any citizen to have access to stored information without 
expensive labor costs of access. Specific items of infoimation being sought 
could be made accessible on demand witliout sorting through libraries full of 
paper. Low cost audio and video technologies can permit citizen access 
to the sending as well as the receiving ends of audio and video channels. 

Elites currently in control of information channels may feel threatened 
by the political pressures that will build up behind arguments for access. 
In principle, in western democracies at least, equality of opportunity and 
equitable access to information channels (e.g., freedom of speech) are 
accepted as desirable goals. An informed electorate is more likely to 
lead to good government, we're told. The economic advantages to a society 
of widespread access to public information may be sufficient to enforce 
these ideals in practice in the long run. In the short run, those elites 
viho see their own political and economic power being diluted through 
greater social access to information may fight a strong political rear-guard 
action. 

A short run effect of introduction of new information technologies 
is to widen the gsp between the information-rich and the information-poor 
because the rich and the well-educated are the first to obtain access to 
the new services and benefits. In the long run, after the benefits are 
widely diffused throug^i the society, everyone may be better off. That is, 
unless there is a constant flow of new innovations that always leave the 
information-poor with the previous technologies. An excellent discussion of 
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this problem is provided by Katzman (1974) . These considerations may lead some 
societies to defer or delay ijnplementation of new infoimtion services until 
social and economic policies can be devised to make the benefits available 
to the entire society and not just the elite segments of the society. 

B. Privacy 

'the opposite side of the coin from access is privacy. What is seen by 
some groups as legitimate access to infonnation may be seen by others as un- 
warranted invasion of privacy. As the costs of access to infoimtion 
continue to decline and new information technologies become more widely 
available, new pressures and new abuses will inevitably occur. Inatuations 
of unequal access to infomation (for eixample, when large corporations or 
governmental units have data banks of infonnation about individual citizens 
who in turn have difficulty finding out about the inner workings of the 
corporation or governmental unit), the weaker power (the citizen) may have 
to assert a right of privacy to avoid exploitation. M the other hand, partial 
redress of the ijnbalance may be possible through the opposite strategy 
of making the corporate and governmental infomation more accessible and 
hence more vulnerable to political or social pressure. These will be 
tricky issues for governments to deal with as our societies make the trans- 
ition from the industrial age to the infonnation age. 

C. Property Rights in Infonnation 

The issue of property rights in infonnation (copyright, patents, trade 
secrets) is likely to be difficult. The difficulty in protecting 'ownership' 
o£ computer programs through either copyright or patent protection may be 
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serious because there may be insufficient incentives to produce and share 
computer 'software' on an economically efficient scale. These laws attempting 
to create property rights in information and thereby create artificial in- 
centives to stimulate the production of information may be ineffective or 
inefficient. As long as the rest of the economic system is geared to the 
production and distribution of physical goods, ad hoc legal arrangements 
will be necessi?.ry to make information more or less fit that kind of economic 
system. * 

D. Work and Leisure 

Hie shift to an information society is changing the distribution of 
occupations, as the data presented earlier indicated. Perhaps not so obvious 
is a possible shift in the distinction between work and leisure. Men and 
women are information processing aninals. It is our information processing 
capability that distinguishes us from other animals. The distinction between 
production and consumption is harder to maintain when the activity is in- 
fomation processing. Mien we talk on the telephone we are both producing 
and consiming information. People in managerial, clerical, or other in- 
formation related jobs both produce and consume information as part of 
their work. Most of us are information consumers in our leisure, whether 
watching television, or football, or reading a book. Before the age of 
mass media a higher proportion of leisure activity was production rather than 

♦Eventually, econcmic theorists may be able to devise an economic theory 
appropriate to the information age, presumably a theory supporting an ideology 
of cooperation rather than an ideology of competition, and ways may need to 
be found to bring about a transition to a different type of economy. In 
such an economic system, different legal arrangements may need to be found to 
efficiently handle production and distribution of physical goods. But 
such problems are for the far distant future. For the foreseeable future, 
the legal and political problems will be those of trying to make information 
more or less fit an econcmic system designed for physical ccmmodities. 



3S 



9 



34 



erJc 



consumption of information - with people engaged in group singing 
or storytelling, for example. Now that the costs of machines for production 
as well as consui5)tion of infoimation are declining, there is more use of 
photography, hone-recorded audio cassettes, and the beginnings of amateur 
use of videotape technology. With lower costs and a more affluent and more 
educated population, production of information is growing as a leisure 
activity. 

Many people in information processing jobs requiring responsibility 
and orginality enjoy their work not just because of the financial rewards 
but because of the intrinsic pleasure of their work. No loriger should we 
distinguish between work and leisure on the assun5)tion that work is painful 
or stressful and leisure is fim. There are growing numbers of us who like 
our work and choose our jobs not on the basis of financial reward, but on 
the basis of intrinsic job satisfaction. Our work is fim and we spend long 
hours at it because we enjoy it. We may be in a small minority now, but the 
trend is now upward as we go beyond the alienating assembly- line work style 
typical of the late industrial age. 

Before the industrial revolution many ' industries ' were cottage 
industries with people working in their own home. In an infoimtion age it 
may be desirable to partially return to a style of work at hone for many 
information occiqDations. Vhen ccraputer terminals and conpiter networks are as 
accessible to every home as telephones and the cost of word processing cm com- 
puter teiminals with electronic storage is cheaper than word processing on 
typewriters with paper storage, then many people in word processing occupations 
will work from hem the way many con?)uter programmers in the IMited States now 
work from home using portable computer teminals and telephone connections. 
The cost in money, time and consunrotion of natural resources 
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required to cannute to and frcan the office from a distant residence every 
work day is considerable vdien stnined across all conmuters. With sufficiently 
cheap electronic ccninunication, sigrj-ficant reductions in oil consunption 
are possible. 

For the imnediate future we'll see small blurrings of the distinction 
between work and leisure, home and office. In the more distant future that 
we don't have to worry about yet, we may find that we can somewhat decouple 
the physical reward systan from the workplace and provide all citizens with 
the minimum of food, clothing and shelter needed to meet their physical 
needs, viiether or not they work in the usual sense of the teiro. The rewards 
that drive a fully developed information ecpnomy may be intrinsic satis- 
faction and a kind of cooperative barter economy in infoiroation such that exK 
changing infoimation is not a direct economic transaction. We may pay a flat 
or metered rate for the use of the conimmication network itself (like a 
monthly telephone rate permitting unlimited calls or an electric utility 
rate based on kilowatts consimed) . Infbiroation travelling over that netwwk 
then may be exchanged freely, just as in most telephone conversations today. 
Meanv^ile, for the present, policies still will be required to facilitate 
the sale of infoimation without incurring unduly high transaction costs, 

^jplication Areas 

The policy implications and policy questions associated with computer/ 
telecomramications technology will emerge in a variety of different 
applications areas of concern to governments. 
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A. Education 

Governments already influence the prcxiuctivity gains or losses in 
the infoimation sector of national economies through their education policy. 
If almost all government expenditures for education are for construction of 
buildings or for current operating expenses, then productivity gains are 
. extremely unlikely if not ijnpossible. Capital investment in less labor- 
intensive technologies with cost-declining characteristics will be necessary 
to achieve economic productivity gains in education. Shifts to use of video 
textbooks and computer instructional techniques could permit lower unit 
costs (after appropriate research and development has taken place and an 
economic national infrastructure for such services is in place) . Without 
the development of instructional techniques with lower unit costs (e.g., 
through Open lAiiversities or other institutional innovations) , it is unlikely 
that any of our countries could afford to provide open access to lifelong 
learning opportunities for all its citizens. Yet both national economic 
policies and social policies seem to be creating pressures in the direction of 
just such extended learning opportunities for all citizens. 

If new information technology is added to existing educational insti- 
tutions without either decreasing the investment in building construction 
or teacher salaries, or increasing the number of students, then unit costs 
will obviously be higher rather than lower. On the other hand, if new 
investment in information technology for education is justified solely on the 
basis of saving labor costs, the political pressure from teacher organizations 
may be strong enough to block reform. One answer to this dilemma may 
be to experiment with new technology- intensive education techniques for extend- 
ing educational services to those members of society not now being served by 
present educational institutions. 
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The Canadian Department oi* Comnunication, through its Hclucational 
Teclmology l^ogram, is exper.ijnenting with new uses of computers, audio- 
visual technology, and teleccmnunications systems for education. In the 
United States, a new Consortiun of users of educational television was 
fomed in December of 1974 to purchase or lease operational services 
from a high-powered coimiunications satellite that could distribute 
television nati^-wide to ground receivers costing less than $10,000 each. The 
operational satellite is expected to reduce video distribution costs 
(including administrative costs and videotape inventories) below those 
incurred in shipping videota^)es by mail. At the same time the satellite 
will permit instructional television service to remote areas (e.g. in 
remote Alaska villages) not now served by television at all. Hiis a logical 
sequel to current experiments with instructional television distribution 
via an experimental communication satellite soon to bs moved to India for 
use there. Those of you more familiar with the European, Japanese or Australian 
experience could doubtless add many other examples. 

B. Funds Transfer 

Electronic funds transfer or credit checking applications are now 
being implemented or seriously considered. The cost savings over present 
methods of funds transfer based on checks and paper is likely to push 
this application quickly. Transfer between financial institutions and 
between large businesses and financial institutions will likely lead to inter- 
connections at retail points of sale. Hence, a nationally (and internationally?) 
interconnected ccMputer network reaching into most business establishments will 
be an econcmically desirable infrastructure in support of such applications 
especially if the same infrastructure can support other applicationj also. 
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As in any change in systems and procedures, there will be .'nevitable 
adjustment problans. Hie reduction in 'float' may cause one such adjusianent 
problem when people and institutions can no longer count on a few days 
between the time of writing a check and having it casheci. 

Hie social disadvantages of such a system may be more than temporary 
problems of adjustment, however. Some responsible and knowledgeable computer 
professionals are urging that such a system never be implemented. .Their 
reason is that it would create a can?)lete electronic record of the financial 
transactions of all members of society and pemit invasion of privacy, sur- 
veillance, and violation of civil rights on an unprecendented scale. If 
policy decisions are made to proceed with such systans, then carefUl attention 
will need to be paid to the safeguaitis required to keep such systems from 
leading to morally repugnant systems of social control. 

C. Facilitating Trade 

One example of the use of conpiter/teleconrounication technology to 
facilitate trade is the Canadian Organization for the Simplification of Trade 
Procedures (CX)ST1'R0). The 1974 COSTPRO president's report conments that 
their initial work offers its users up to 70 per cent reduction in paperwork 
costs associated with Canadian exports. It reports that unnecessary delays 
due to documentation and procedures occur on 20 to 2S per cent of all shipments, 
that a reduction an total transaction time of one day could produce 
savings in interest on capital invested in excess of $10 million per year, 
and tliat elimination of one particular doctment could alone save $80 
million each year. 
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At every level of trade from large scale international import- export 
trade to local retail trade there are likely to be opportunities for 
iji^roving the efficiency of trade. Economic theorists agree that markets 
operate better when buyers and sellers have complete infomation. Absence 
of information is considered a serious market imperfection that results 
in a less than optimun result overall. Government intervention may be 
required to facilitate orderly and honest development of market infoiroation 
and brokerage services based on new information technology. Policies that 
encourage appropriate information standards, interconnection of conmuni- 
cation hardware, access of service vendors to hardware networks, and cooperative 
directories of services may be desirable. Some waiver of anti- trust laws or 
government participation may be needed to peirait the industry cooperation 
essential to common infoimation directory and brokerage services. 

D. Consimier Information 

A logical extension of systems to improve funds transfer and 
facilitate trade would be consimer information systems. Even though some 
individual manufacturers might oppose the extension of the consumer move- 
ment to include accurate product and price infoimation made readily avail- 
able to most consumers, nevertheless, the industry and the economy as a whole 
are likely to benefit from such services, as will individual consumers. 
Computer terminals available in libraries or other public places providing 
access to up-to-date on-line directories of products and services available 
for consumers could prove to be a valuable social service. 

E. Public Administration 

The business of government is largely information processing and 
tlecision-making. Use of computer communication techniques may be the best 
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hope for in^roved efficiency and productivity in government. OECD has 
already devoted special effort to studying this issue and has reported on it 
in the recent docunent "Automated Infomation Management in Public Admin- 
istration." (OECD, 1973). Education and government are the two largest 
components within the information sector of post- industrial societies. If 
our societies are not to stagnate economically, these con^onents of our 
economies must find a way to avoid inflationary increases in the unit costs 
of the public services provided. Technology will not provide a panacea and 
transition problems will be difficult. The prime potential of the new technology 
might not be in cost reductions for existing services, but in the rational 
reorganization of bureaucracies that may became politically possible at a 
time of adapting to new technologies. 

F. Teleconferencing 

U. S. experience has shown that fully switched point to point two- 
way video service is still extremely expensive and, in the opinion of most 
potential customers, not worth the cost. Nevertheless, there are more 
reasonable alternatives to videophones for teleconferencing applications. 
The most promising alternative is a capability providing a combination of 
voice and data capability for group conferences. Such capabilities are 
unlikely to substitute for face-to-face meetings that occur infrequently 
and in which one of the purposes is for participants to meet and get to 
know each other better. But for more frequently occurring conferences 
(e.g., weekly or monthly sales meetings) among people who already l<now each 
other, the demand for such services, if offered, is likely to be great 
because of the potential savings in travel time and costs. 
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Telephone conference calls of the sort now available are imsatis- 
factor^ for a variety of reasons. The prime disadvantage of telephone 
conferences over face-to-face conferences is the lack of a parallel 
scheduling channel for signals to and from the chaiiman conairrently with 
the primary discussion. In face-to-face conferences this usually goes 
on through visual signals or passing of written messages that do not 
interrupt the flow of conversation. With a computer conmunications channel 
parallelling the voice channel, a variety of control and signalling 
messages as well as drafts of docunents being discussed can be distributed 
to some or all participants in the conlerence. For such a teleconferencing 
system to work smoothly, it will require an automatic dialing capability 
that doesn't require telephone operator intervention and that pemits 
participants to dial additional potential participants ^ile the conference 
is in progress. 

G. Health 

Health care, except for surgery and physical therapy, is largely an 
information processing activity in which the health care provider obtains 
infoimation from the patient to. arrive at a diagnosis and treatment plan 
based on his store of information about diseases and their treatment. 
Medical infoimation systems can facilitate many parts of this process. 
ExanQ}les include: automated patient record systems, on-line access by 
providers to medical research literature, drug information (including side- 
effects and interaction with other drugs) , poison information, tele- 
consultation between patients and providers geographically distant from 
one another, etc. 

A promising potential application may be in the area of preventive 
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ccMimunity medicine. Many of our serious medical problems (e.g., heart 
disease and cancer) stem from our diets , our smoking and our lack of 
appropriate exercise. A corimmity based nutrition infomation system 
which allowed each resident access (probably via a human interpreter at 
the end of a telephone) to nutrition information in a fom relevant to 
his or her shopping, menu planning, and recipe decisions could make a 
significant difference to the level of health. A recent study in California 
has demonstrated that an intensive public infoimation campaign can reduce 
the incidence of heart disease through triggering changes in diet, 
exercise and smoking behavior, that result in measurable differences in 
levels of cholesterol and triglicerides in a random san?)le of coimunity 
residents . Savings in total health care costs and savings to insurance 
companies that result from increased lite spans might be sufficient to 
economically justify a sizeable share of the .costs of continuing public 
infomation services concerning health and nutrition. 

For exanple, computers could store general nutrition information at a 
level more detailed than a dietician would normally try to explain in a 
face-to-face consultation. That information could be applied to a variety 
of recipes designed for different health goals (e.g., weight loss, reduction 
of cholesterol), different food budgets, and different taste peref erences . 
Local availability and prices for ingredients could be included in the 
information system so that recipes and menus are in fact responsive to 
current local availability and costs. If desired, individual medical 
records and the results of a food preference questionnaire could be included 
in the infoimation system and taken into account in the resulting advice. 
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Local users could telephone a local nutrition infoimation number, reaching 
a clerk who could conduct the on-line computer search necessary to 
retrieve the relevant infoimation. The savings to the consumer result inj?: 
from more economical food shopping may be a major source of motivation to 
use such a system. In some ways, such a consuner-oriented health infoimation 
system could be viewed as one segment of a larger consumer infomation system. 

Conclusions 

In conclusion I would like to suggest a few policy questions that I 
think should be considered in the light of the structural change our 
economies are going through and in the light of changes in computer and 
telecormunications technology. 

A. Research and policy analysis 

The first conclusion points to the need for research and policy 
analysis of the kinds of questions and hypotheses raised in this paper. 
The data presented here are crude first approximations that are descriptively 
consistent with the hypothesis of structural change. What is needed now is 
a program of economic research that develops, refines and validates new 
indicators of economic statistics appropriate to an information economy 
so we can better understand what is happening. 

The now standard industrial economic indicator, Gross National Product 
(GNP) was introduced in the late 1940s just before the peak of the 
industrial age in 1950. New economic indicators and statistics appropriate 
to the policy problems of the infoimation age should be devised and ijiiplemented 
now so that policy makers can better understand current economic trends. 
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Once the descriptive indicators are sharpened, and appropriate basic 
economic data have been tabulated, then a series of economic input- 
output analyses should be conducted to measure the relationship of the 
infoxroation sector of the econcny to other sectors. For exan5)le, input -output 
analysis could detennine the structural depth of the information sector to 
see, if, as I predict, it is of sufficient depth that changes there will 
reverberate through the entire economy. Secondly, looking at the input-output 
relationship between the information sector and other sectors (e.g. energy) 
could determine v^ether it is possible to have major economic growth in the 
eccnoiny as a whole, under the constraint of zero or limited energy 
growth, through appropriate investments in the information sector. These and 
other policy questions are open to scientific empirical analysis with 
presently available economic research tools and techniques. A major program 
of research along these lines should provide considerable assistance 
to policy makers trying to chart their way through unfamiliar territory. 

B. Infrastructure 

The greatest economic potential of con^juters and communications lies not 
in the share of the econatny devoted to those activities (although it is 
likely to be large enough to merit attention on that basis alone) . Rather, 
the greatest potential lies in the effects en the rest of the economy. 
Transportation networks and electric utilities provide a basic infrastructure 
permitting the economic development of new geographic regions, the development 
of new industries and services, and permitting- the goods and services of one 
region to be accessible in another. Similarly, conpiter-canrnmication facilities 
new being discussed, but not yet constructed, could serve as basic infra- 
structure for information economies. 
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If the social and economic benefits of the information society are to 
be achieved, then policies for development of an appropriate infrastructure 
need to be articulated and ajnplemented. The applications discussed above 
are exanples of a wide new range of information services that are developed 
once the infrastructure is there to peimit the services to be ijjplemented. It 
makes a great difference to the economic development of a countiy whether a 
comnunication network (or new nodes on the network) are treated as essential 
infrastructure needed for development or whether it is treated as a consumption 
or luxury item to be provided only after the demand is great. In the 
latter case, development will be slow, uneven, and probably inequitably 
distributed. Social policies designed to stimulate econcmic growth of the 
infoiroation sector of the economy will require policies that lead to creation 
of the needed infrastructure, just as government policies and investment 
support were needed to create railroad, highway, and electric power networks 
to serve industrial society. Social policy may require that the network 
be made available everyv^ere in the nation, not just in the large cities 
or on the main routes between the largest cities. Conmunicatian technologies 
with costs indepehdent of distance may make such policy choices easier than 
physical transportation networks for which costs are a function of distance. 

My conclusion is not to reconmend a specific set of policies with respect 
to the development of conputer-ccirmunications infrastructure. Instead, 
it is a conclusion that the policy decisions concerning such development 
(or postponement of development) should be made as a major national economic 
policy decision, not as a minor decision to be made within a teleccnmmications 
administration or a monopoly coninan carrier. 
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C. Research arid Develtipment 

The peculiar economic nature of information makes it unlikely that the 
private sector of our economies will automatically generate optimal (i.e., 
economically efficient) amounts of capital for research and development of 
new services. The problem is analogous to the reasons behind the institution 
of copyright and patent laws and the reasons vihy governments already 
supply most of the basic research funds in a society. Given the kinds of 
economic systems we have, there is insufficient incentive for private 
e3cpenditure on research and development of infoimation services. Therefore, 
goveinment research policies should be carefully examined to see if appropriate 
investments are being made in the kinds of research, development and demonstra- 
tion projects needed to achieve productivity gains in the infoimation 
sector of our economies. 

D. Network Interconnection 

Much of the economic and social potential of the new services we 
have been discussing will be dissipated if each service is developed on a 
private or leased line conpiter network or if it is dependent on telephone 
networks as they are now structured. 

Use of line switching techniques suitable for telephone conversations 
will be economically inefficient for tijne-shared data transmission v^ich 
the kind of long hold- times and long silences involved. A time -shared 
digital data network with redundant channels and error-checking procedures 
will be required. Even if the transmission lines use analog techniques, 
packet -switching techniques could be used for digital comramication. 
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If each new service is developed on a separate con^uter network or 
series o£ disconnected networks, then most of the benefit will be lost 
because only those services with sufficient economic potential to justify 
their own network will appear. On the other hand, if a single 
generalized network or network interconnection system is required, then many 
new infonnation services can be developed that require only a small 
portion of the network c^ability. 

Since there is likely to be continued technological change in the 
area of conqsuter conmunication, a more modular ^proach to multiple 
interconnected networks with coninon interconnection standards and a 
payments clearinghouse mechanism may be preferable to a monolithic single 
network, which would have a tendency to stifle techiical innovation. 

E. Access 

"Hie single most critical policy question concerns rights of access to 
information networks for both the transmission and the receipt of infonnation. 
Individuals and groiips within the society may find it in their narrow interest 
to restrict access. In the interests of economic growth and of social 
equity, principles of freedon of access to information networks need to be 
established. Irtfoimation networks have coninon carrier and public utility 
characteristics similar to other cormon carriers or public utilities. 
The infonnation networks of the information society will have to be open 
to all if the potential social benefits are to be achieved. 

Monopoly ownership of the hardware facilities does not preclude open 
access to the facility for transmission of messages. Just as telephones 
can be available for people to speak what they wish, so other parts of 
the computer and conmunications infrastructure must be accessible. If those 
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owning or operating the hardware facilities of the infoimtion society are 
able to restrict access on the basis of selfish political or econcanic 
motives, then it would be better not to construct such facilities at all. 
Unless principles of open access to the infoimation facilities are fimly 
established at the outset, then the path of development of such facilities 
is the path toward the worst features of Orwell's 1984 . If the control 
is vested in the hands of COTwercial operators, then the results could be 
as bad as or worse than the society depicted by Orwell. The issue is not 
viho owns or operates the hardware facilities. The issue is whether the 
facilities, however owned, are in fact accessible for use by all members 
of the society. 
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The aggregation scheme presented below foimed the basis of Figures 1-4 
in the paper. The category names are those used by the U. S. Bureau of 
Labor Statistics.* 

The basic four-sector aggregation scheme divides the workforce into: 
(i) infonnation workers (ii) industry workers (iii) services workers and 
(iv) agriculture workers. 

•Hie table contains 9 simple legend between the name and the nianber 
enployed in these occi?)ations in 1970. Figure 1 in the paper shows three ' 
sectc:-s only (agriculture, industiy and services) . A "letter" in the space 
following the name indicates that, when the four sector scheme is collapsed into 
a three sector scheme, the labor type in question is shifted, as follows: 

s indicates a shift into the service sector 

i " industry 

a agriculture 

Also, we use th& asterisk * to indicate that under liberal assuiption 
(see text, and figure 4 in particular) , the worker would be classified into 
the information sector; but under the prevailing conservative assuiptions, the 
worker was not so classified. 

All data are for 1970, taken from BLS publications.** 



*For full definitions of the labor types, including description of the 
work, see Bureau of Labor Statistics (BLS) Handbook of Oc Curiational 
Teases, Volunes I and II, Government Printing Oihce, WashSgton 5. C. 

**These are based in turn, on the U. S. Census "Industry by Occupation" 
^cial Report, 1970 Census. Available through the ivernment Printing 
Office, Washington D.C. ^ 
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Supporting Data for Figure 1 

Figure 1: PROPORTION OF U. S. LABOR FORCE 

IN THREE SECTORS 

AGRICULTORE INDUSTRY SERVICES 

1860 

1900 .35 .36 .29 
1940 

1950 .12 .62 .26 

I960 .06 .57 .37 

1970 - - . - 

1980 .02 .38 .60 
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Supporting Data for Figure 2 

Figure 2 : PROPORTION OF U. S. LABOR FORCE 

IN FOUR SECTORS 

INFORMATION AGRICULTURE SERVICES 
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Supporting Data for Figure 3 

FIGURE 3: PROPORTION OF U. S. LABOR FORCE IN INFORMATION OCCUPATIONS 

INF(a^TION NQN- INFORMATION 

I860 .05 .95 

1900 .10 .90 
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1920 . - 

1930 

1940 

1950 .16 .84 
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1980 .51 .49 



Supporting Data for Figure 4 

FIGURE 4: PROPORTION OF U. S. LABOR FORCE IN INFORMATON OCCUPATIONS 

(High and Low Estimates, 1960-1980) 
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